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INTRODUCTION
Project

The Oklahoma Water Resources Board (OWRB)contacted by the Oklahoma Department of
Environmental Quality (ODEQ) ¢onduct hydrographic surveyn three Oklahomareservoirs
fAalSR 2y (KS impaired Braidsolved axypéihesetededvairs ihnchidétoka
Lake andave Boye(Walters)Lake The purpose of tis projectisto producecurrentelevation
areacapacity tabls, to allow forvolumetric deternination of dissolved oxygeor beneficial use
assessment.

Reservoirs

Atoka L&e

Atokalakeis located orNorth Boggy Creela tributary ofthe Muddy Boggy Creekt is located

in AtokaCounty, approximatel milesnortheastof the City ofAtoka as slown inFigurel. The

dam (NID IDOK00092was completed in964 and the reservoir (Waterbody IB1040008002D

is owned by the Citgf Oklahoma CityThe dam is located 84°H ¢ Q ¢ n d Pz €c i P Jh
Sec.30-TISR12E! (i 2 ldes@rated beneficial uses include Agriculture, Aesthetics, Fish and
Wildlife Propagation, Recreation, and Public and Private Water Supfika Lake is also
designated as a Sensitive Water Supply (OAC, 785:45, Appendix A).

Atoka Lak wasin the final stages ad dam and spillway rehabilitatiaronstructionprojectduring
the survey periodWhen finished the project will result in a higher spillway crest elevation (590.5
ft NAVD88) as well as a higher top of dam elevation &2 NA/D88)Freeseand Nichas, 2020)

Dave Boyer (Walters)ake

Dave Boyet ake is located oWalters Creela minor tributary ofEast Cache Creek is located
in Cotton County, approximatel2 milesnorthwestof the City ofWalters as shown irFigure?2.
The dam (NID IBDK0056) wasoriginallycompleted in1936, and thaeservoir (Waterbody ID:
220200030120) is owned by the CityWhlters The dam is located @4°H H Q ¢ 0 & B n Q
014 2 A g2-TASBIOWS I @S . desigBaiel heeaficial uses includé\griculture,
Aesthetics, Fish and Wildlife Propagation, Recreation, and Public and Private Water Saypply.
BoyerLake is also degated as a Sensitive Water Supply (OAC, 785:45, Appendix A).
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HYDROGRAPHIC SURVEYING PROCEDURES

The process afurveying a reservoir uses a combination of Geographic Positioning SY&PR)

and acoustic depth sounding¢hnologies incorporated into a hydrographic survey vegsethe
adzNpSe @SaasSt (NI gSta I ONRaa G KSletepth dadiags & dzNJF |
every secondDepthNB I RAy 3& | NB & {2 NB Rbo&rg conmipkit& aléngaMBSe @S
LI2aAdAz2ylf RFEGF 3SySNI ( SHe colledtBdataifieSare@@valdadell Qa Dt
daily from the computer anedited upon returnirg to the office 5 dzZNA Y3 SRAGAYy 3IZ R |
removed orcorrected,and depthreadingsare converted to eleation readings based on the

water level elevatiorrecordedon the day the survey was performetihe edited data sets are

then thinned to managedb sizes using & LJ- &dpufiding Selectioh 2 NIi t NB ANJI Y¢ dza
sort radius.Using ArcGlSccurate estimées of areacapacity can then be determined for the

lake by building ¢hree-dimensionamodel of the reservoir from theorteddataset The process

of completing a hydrographic survey includes four steps:queey planning, field surveglata

processiig, andmodel construction.

Pre-SurveyPlanning
Boundary File

Atoka Lake

The shoreline boundary for Atokaakewas derived from six USGSnkter and one 1/3 arc
second DEM LiDAR data files downloaded from the National Map data downloadTsiéesix
USGS-meter LIDAR raster file TIFFs were combined into one file and then used to generate
contours for most of tk lake.The 1/3 aresecond LiDAR raster file was used for a small portion
of the western side of the lake not covered by thengter data. The NR&CContour Tool v10x,
which utilizes the ArcGIS Spatial Analyst extension, was used to generate 0.5 ft cinotoutise

LiDAR file. A lake boundary line shapefile was created from the 590.5 ft contour line; this
elevation was most representative of Atokadervoir at normal pool elevation (590.5 ft). A small
amount of editing of this line was needed to adjustatreflect the reconstructed darspillway
Design drawings with control point data were georeferenced and used to edit the boundary at
the dam. Ths boundary file was verified using both orthophotos and measured elevation
readings.For development of the @a/capacity table values for the flood and surcharge pools
0.5 ft contours were selected from the LIDAR derived data described up above which best
represented those elevationé surcharge boundary line shapefile was created from the 607.5 ft
contour line;this elevation being most representative of the Atoka Reservoir surcharge elevation
(607.5ft).

Dave Boyeltake
The shoreline boundary foDave Byer Lakewas derived from zZneter DEM LIiDAR data
downloaded from OKMapsThe LiDAR raster file TIFF wlgsped,and contours were generated.

1 https://apps.nationalmap.gov/downloader/#/

2 https://okmaps.org/ogi/search.asp
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The NRCS Contour Tool v10x, which utilizes the ArcGIS Spatial Analysoexteas used to
generate 0.5 ft cotours from the LIDAR file. A lake boundary line shapefile weeted from the
1012.0ft contour line; this elevation was most repertative of Dave Boyelake at or near
normal pool elevatior(1012.2ft). This boundaryile was verified using both orthdwtos and
measured elevation readingbor development of the area/capacity table values for the flood
and surcharge pools 0.5 ft contours were selected from the LIDAR deriveadslatscribed in
the previous paragraphwhich best represented those elevans. A flood pool boundary line
shapefile was created from thE013.5ft contour line; this elevation being most representative
of the Dave BoyeLake flood pool elevatiori(013.4ft). A surcharge boundary line shapefivas
created from thel018.5ft contour line; this elevation being most representative of the surcharge
elevation (018.5ft).

HypackSetup

Hypacksoftware fromXylem Inc. was used to assign geodetic parameters, import background
files, andcreate virtual track lines (transe@nd crosskeck (Hypack,2019. The geodetic
parameters assignewere ellipsoid World Geodetic System of 198W(GS84) in State Plane
North American Datum of 198BIAD83) Zone OK3501 OklahomadNorth or Ok3502 Oklahoma
South,depending on location of the reservoin regard toHighway Interstate 40 (I140The
distance and depthunits used wereUS Survey FeeThevertical datumwas setto the North
American Vertical Datum of 1988IAVD8§ and any measurements in the tianal Geodetic
Vertical Datum of 1929 (NGVD2®gre converted using the National Geodetic Survey (NGS)
VERTCON tobol

Survey transects were spaced according to the size and shape of each individual lake in order to
maintain a high level of accuracy araveraggTablel). Thesurvey transects within the digitized
reservoir boundary ran perpendicular to the original stream channels and tributéBtesam

lines were place@dlongthe center ofchannelsn areasdeemedtoo small for transect coverage

as well aperpendicular to tansect lines down the center of any major lake arfitsese stream

lines were used for data collection dhfficult to navigate areas as well as quality control (QC)
purposes. Aditional tracklines set perpendicular to the transect limesre addedo be usedfor
QCcross check statistiégEneeded

Tablel: Summary of track line coverage for all lakes surveyed.

Track Line Coverage

Lake Line Transect Stream Lines Additional QC
Spacing Lines L|nes

AtokaLake 300ft 245

Dave Boyetake 100ft 39

3 http://www.ngs.noaa.qov/TOOLS/Vertcon/vertcornhl
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Field Survey

Lake Elevation Acquisition

The lake elevatiamnfor all surveyswere obtained bycollecting positional data over a period of
time. Data collection was done usingfamble ZephyGeodeticAntenna comected to Trimble
5700receivercontrolled using TrimbldSCIlsurvey controller(Trimble, 2008)Data was then
uploaded to the Odine Podioning Users Servié€OPUS)vebsite. The National Geodetic Survey
(NGS) operates the OPU® provide G°S userswith easier access to the National Spatial
Reference System (NSRSRUS allows users to submit their GPS data files to NGS, where the
data is processed to determine a position using NGS computers and software. Each data file that
is submitted isprocessed wih respect toat leastthree Continuously Operating Reference
Stations (CORS;AII collection and processing of elevation data followed methods covered in full
detail in the OWRBtandard Operating Procedures@ffor lake elevation measureméifound

in the approved projecQuality Assurance Project PIapAPR(OWRB, 2021

Method

The procedures followed by the OWRB during the hydrographic ssiaghere to U.S. Army
Corps of Engineers (USACE) standaMsl1162-1003(USACE2013) as stated in the apprad
project QAPROWRB, 2021 The qualityassuranceand qualitycontrol (QA/QCprocedures for
equipment calibration and operation, field survelgta processing, and accuracy standards are
presented in the following sectiorend covered in more detail ithe approved project QAPP
(OWRB, 2021

Technology

The Hydresurvey vesssiwere a 16-ft aluminumhull boat, powered by a singlé0-horsepower
outboard motorfor Dave Boyer; andral8-ft aluminum hull boat, powered by a single 115
horsepower outboard motofor Atoka Equipment used to conduct the survey includedigged
notebook computerrunning Hypack2 2019 survey data collection softwar@Hypack,2019),
Knudsen 161&cho SoundgiKnudsen, 2010Wwith a depth resolution of 0.1 fHHemisphere R131
recever with differential global positioning system (DGPS) correctidemisphere, 2013)a
Valeport SWiFTSVPR(Sound Veloty Profiler)(Valeport, 202). All field equipment was used in
accordance with their corresponding mansial

Survey

A two-man survey cr& wasusedthroughoutthe duration of theproject. Data collection began

at the dam and movedpstream. The survey crew followed the parallel transects created during
the pre-survey planning while collecting depth soundings and positional fatreas othe lake

that were too narrow for preplanned transectines; stream lines were followedusingboth
straight and witha zigzag pattern to collect data. These areas included small tributaries as well
as theupstream section of the reservoiimilarto the shorelinedata collection procedure
upstream data was collected until depths wetam shallow for the boat to navigatand/or an
obstruction prevented travel past a certain paiill lakesurveys followed the dorementioned

4 https://www.ngs.noaa.gov/OPUS

10


https://www.ngs.noaa.gov/OPUS

procedure for survey data dtection. $irvey dates and water levelelations can be found in
Table2.

Table2: Summary ofwater elevations measured or recorded for all survey dates.

Survey Dates and Water Elevations
Lake Date Water Elevations (NAVD88)
Atokalake 04/19/2021 586.3 ft
04/20/2021 586.2 ft

04/21/2021 586.1 ft
05/05/2021 591.3 ft
05/06/2021 591.1 ft
Dave Boyer Lake 01/26/2021 1013.0 ft

Quiality AssurancéQuality Control

Sound Velocity

The hydrogaphic surveydollowed the quality control procedures presented in the approved
QAPROWRB, 2021and summarized ifable3. While on board the Hydrgurvey vessel, the
Knudsen 1614&cho Sounder was calibrated ngboth a SWIFT SV&8nhdor a bar-checksetup.
Thesound velocimeter measures the speed of so(@@Sat incremental depths throughout the
water column.The factors that influence th&0$ depth, temperature, and salinityare all
taken into account.Deployng the unit involved lowering the probe into theater to the
calibration depth mark to allow for acclimation and calibration of the depth sef$w.unit was
then gradually lowered at a controlled speed to a depth just above the lake bottom, and then
wasraised to the surfaceThe unit collected soundelocity measurements in feet/seconds at
regularincrements on both the deployment and retrieval phasése data was then reviewed
for anydiscrepancieswhich weresubsequentlyedited out ofthe sample Sound velocityprofiles
are used tccalibrate colleted raw depth readingsluring the editing process

11



Table3: Summary of Relevant Minimum Performance Standards (MPS) and Quality Assurance
(QA) Practices for the Hydrographic Sury@SACE, 2002&2013).

Minimum Performance Standards and Quality Assurance Practices for the Hydrograpl
Survey

Repeatability (Bias)
Standard Deviation (z ft at 95%) +0.8 ft
Resultant Elevation/Depth Accuracy (98 (5>d<40 ft) +2.0ft
Horizontal Positioning System Accuracy (95%) 5 m (16 ft)
Minimum Survey Coverage Density Not to Exceed 500 ft (150 m)
Quality Control and Assurance Criteria --

0 Barcheck 1/project

0 Sound Velocity QC calibration 2/day

0 Squat Test llyear

U0 Positioncalibraion QC check 1/project

From the2002version ofEM 11162-1003 From the2013version ofEM 11162-1003

BarCheck

The barcheck procedure adheres to USACE methods (USACE, 2013). The setup consists of a steel
plate lowered using chains measured and marked in five ft incremdims.setup is lowered
initially to a depth ob ft from the surface of the water. Taking thdt depth and subtracting the
unmodified depth from the echosounder provides the static draft or depth of the transducer in
NEFSNBYyOS (2 (KS ofisdt ves Nd@asured dodJFelcotl8dbby th& Knéidsen
echosounder using its B&heck Mode wherehie SOS at fiveft depth is also entered. The bar
check setup is then lowered to 25 ft to check for variations. Data is collected ablibémd 25

ft depths andprocessed with the correlating sound velocity profile to validate calibration. Bar
check ebograms can be found iRigure3. TableD- 1 containing Static draft, average SGS
well as SOS set in the echosounder for all survey dates can be foARIPENDIX: Additional
Survey Data Tables.

CrossLine Check

5SLIIK 20aSNBIF GA2ya O2BaadonEydrio 2 (YR NileyaRI 581k SINNE N
Bieses are often referred to as systematic or external errors and may contain observational
oversight A constant error in tide or stageowld be an example of lsias. Biases are reduced as

much a possible by using the quality control measulissussegreviously Random errors are

those errors present in the measurement system that cannot be easily minimizaddiyonal

calibration. Examples include echo soumd resolution, water sound velocity variations, tide/staff

gage reading resolution, etc. The precision of the observations is a measure of the closeness of a

set of measurementsor their internal agreement. Accuracy relates to theoseness of
measuremens to their true or actual value

Accuracy and precision were assessed utilizing a tiresscheck method referenced in the
approved QAPROWRB, 2021 The crosdine check was performed by collecting depth readings

12
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along survey trek lines perpendiculail 22 YR AYUGSNBSOUAY3I GKS &adzNX
Cross Check Statistics program was used to assess vertical accuracy and confidence measures of
the recorded depths at the points where the lines intersected. This program aedsuland
statisticallyanalyzed the depth differences between overlapping points of single beam data. The
program provides a report calculating the standard deviation and mean differ@radde D- 2

contairs the results of the crosbne checks; include the number duality Control QQ
intersections, arithmetic mean (Bias), and the standard deviation (Random Error) for all
reservoirsandcan be foundn APPENDIR: Additional Survey Data Tables.

>

b)

Figure3: Digital Echogram of Bachecks for All Lakes Surveyed Afoka Lake04/16/2021b)
Dave Boyer (Walters))ake01/26/2021

Depth AccuracyCalculation

Mean difference and the standard deviati@an beused to catulate the Root Mean Square
(RMS) errousingEquation1. The RMS error estimate is used to compare relative accuracies of
estimates that differ substantially in bias and precision (USACE, 2B862¢rdingto the
recommendedstandardsin the approed QAPPRMSat the 95% confidence levehould not
exceed a tolerance df 2.0 ft for reservoir survey§OWRB, 2021 This simply means that on
average, 19 of every 20 observed depths will fall within the specified anctoberance.

13



Equationl: Depth/Elevation Accuracy Calculation

RMS= \/S 2Randorerror+ S 2Bias

where:

Random error standarddeviation

Bias =meandifference

RMS Root Mean Squarerror (68% confidence level)
and:

RMS(95%) depthaccuracy=1.963 RMS68%)

All reservoirs resulted in aRMS ofless than® 2.0 ft with a 95%confidencelevel meeting the
v I t tMESHor reservoir surveyslhe calculated 95% RMS for all reservoirs can be fouhahile
4.

Table4: Calculated Depth AccuraciesrfAll Lakes Grveyed.

CalculatedDepth Accuracy

| Reservoir RMS at 95%onfidence |

| AtokalLake °0.79ft
Dave Boyer (Walters) Lake °0.15ft

GPS

The GPS system is an advanbegh-performancegeographic datacquisition tool that uses
differential GPSXGF) to provide submeter positional accuracy on a secehgsecond basis.
Potential errors are reduced wilDGPS because additional data from a reference GPS receiver at
a known position are sed to correct positions obtained during the survByior tothe survey,

the settings on the Hemisphere R131 were chedkednsure correctonfiguation ofthe GPS
receiver.These settings are discussed in more detail in the OWRB SOP for hydrogramymgur
found in the approved project QARBWRB, 2021

LatencyTest

A latency test was performed to determine the fixed delay time between the GPS and single

beam echo soundeiThe timing delay was determined by running reciprocal survey lines over a
channel bankThe raw data fds were downloaded intdlypack- LATRICY TEST prograihe

LINE AN Y OFNASE GKS GAYS RS ftPostionfaencySdrdhdeMasy S G K
produced and adjustments were applied to the raw dasing! & LJ- Sifgle Beam Editor

Program during data processin@.ableD- 1 contains all latency offsets for all survey dates and

can be found ilAPPENDIR: Additional Survey Data Tables.

Data Processing

After uploadingthe collecteddatato an OWRRlesktop each raw data file was reviewed using
the Single Beankditorprogram withinHypack TheSingle Beam Edit@rogramallowsthe user

to assignequipmentoffsets, latency corrections, tide corrections, display the raw data profile,
and review/edit #l raw depth informationRaw data files are checked for gross inaccuracies that

14



occur during data collectioData editing is covered in more detail in the apyped project QAPP
(OWRB, 2021

The DGPS latenoffsetwasapplied The Echosounder was cected forthe staticverticaldratft.
These offsets were applied @il raw datasets. TheSOSorrections were applied during editing
of raw datausing the soum velocity correction filesreatedwith the sound velocitytool.

An elevationcorrection filewas produced using & LJ- O Q& aprogrdat tb acsouni®rS &
variancein lake elevation at the time of data collectiofihe corrected depths were subtracted
from the elevation reading to convettieir depth in feet to arelevation withinthe Single Beam
Editorprogram

During the editing process any areas with unconsolidated bottom returns were manually
digitized. This was done using the digital echogram of the data a&d_J- Riditigedtoolas seen

in Figure4. The bottom was digitized on the first return, which was verifesdbottom surface
using multiple manual measurements over various unconsolidated bottom areas. The
measurements were performed using a lead weighta measure chain while simultaneously
collecting echograms, then comparing them to identify the depth to solid bottom.

Figure4: Example echogram showing results after manual bottom digitization

After editing the data for eors and correcting the spatial attributeoffsets and tide
corrections), a data reduction scheme was utilized due to the large quantity of collected data. To
accomplish this, the corrected data was sortgohtially ata 1ft interval using the Sounding
Selection program iklypack Resultant data vas saved and exported as a xyz.txt ¢ibataining

X and Y horizontal coordinates as well as Z elevations for all data .pOnmetklypackraw and
corrected data files foall reservars are stored and available upon request.

15



GIS Applicatiorand Model Consuction

Geographic Information Systems (GIS) software was used to process the edited XYZ data
collected from the survey. The GIS software used was ArcGIS Desktop, ddrsdofrom
Environmental Systems Research Institute (EBRIEIS datasets creatade in Oklahoma State

Plane Coordinate SystenfiNorth or South)referenced to the North American Datum 1983.
Horizontal and vertical units are in fe€fhe edited data points in XY&xt file format were
converted into a point feature class in an ArcA&égeodatabaselhe point feature class contains
horizontal coordinates and elevation and depth values associated with each collected point.

Volumetric and area calculations wereroed from a Triangulated Irregular Network (TIN)
surface model.A TIN comists of connected data points that form a network of triangles
representing the bottom surface of the lakehe TIN model was createdthin ArcGIS using the
following datasets:2, 5, or 10ft contours derived from a raster file interpolated from the
collected survey data pointdake boundary at normal pool elevatipand LiDARJata covering
flood and surcharge pooltakearea and cumulativeolumewere calculated by slicing the TIN
horizontally into planes 0.1 ft thickhrea and cumulative volumeof ead slice are shown in
APPENDIA: AreaCapacity Data

Contours, depth ranges, and the shaded relief sxapre derived from a constructeDEMgrid.

This grid was created using the Gi&Topo to Raster Tool and hadspatial resolution ofl

ft. Contourslineswere created at 2, 5, or 10t interval usimg the Ar&lScontour tool. Contour

lines were edited tallow for polygon topology imprang accuracy and general smoothness of

the lines.Lines werevisually edited, paying close attention to the channel area, while also
ensuring the lines matched the original data Séte contours were then converted to a polygon
feature classaand attributed to show2, 5, or 10ft depth ranges across the lakall geographic
datasés derived from the survey contain Federal Geographic Data Committee (FGDC) compliant
metadata documentation. The metadata describes the procedures and commands used to create
the datasets.The GIS metadata fall reservoirs arestored and available uporequest along

with all GIS Data.

RESULTS

AtokaLake

Results from thé\pril 20210WRB survey indicate thatokalLakeencompasse5639.5surface
acres and contas a cumulative capacity @fl7326.0acreft at normal poolelevation 0f590.5ft
(NAVD88). fie mean depth foAtokalLakeis 20.8ft, while the deepest point measured wé4.0
ft. LakeMapscan be found irAPPENDIB: Atoka LakeMaps.

Dave Boyer (Walterd)ake

Results from theddanuary 202 DWRB survey inchte thatDave Boyerkakeencompassed53.7
surface acres and coainhs a cumulative capacity @283.1acreft at normal pool elevation of
1012.2ft (NAVD88). The average depth fdave Boyet akeis 8.3 ft, while the deepest point
measured wad7.2ft. LakeMapscan be foundn APPENDIX:Dave Boyer (Walterd)ake Maps

16



SUMMARY and COMPARISON

Table 5 displays areas and volumes calculated normal poolelevations for bth design
specifications and theurrent surveys. Percent change waben calculated for area, capacity,
and average depthCaution should be used when directly comparing between the design
specifications and theurrent surveys conductedby the OWRRBsdifferent methods were used

to collect the data and extrapolate capacity and area.

Table5: Areas and Volumes calculated at normal pool elevations during design specifications
and current survey periods for all lakd©WRB, 1990).
*Values after dam/spillway rehabilitation project foAtokain 2021

Survey Year " Change
Design Specifications‘ Current Survey ‘ (%)
Atoka Lakeg April 2021
5,700 5,639.5
125000 117,326.0
21.9 20.8

Feature

Area (acres)
Capacity (acrt)
Mean depth (ft)

Dave Boyer (Waltersy January 2021

INCENEUED)
Capacity (acrdt)

Mean depth (ft)

All current calculated changes are only estimations and can be verifipdrigrming additional
surveys. 1o make the most accurate comparison across surveisthe recommendation of the
OWRB thatdditionalfuture surveys utilizing the current survey methodée conducted in 10
years. By using theurrentsurvey figures aslaaseline similarly performel future survewould
allowfor accurate mean sedimentation rag¢o be determined

Atoka Lake

The surface area dftokalLakeshows an apparerdecreaseof 60.5acres orl.1% TheApril 2021
survey shows thaftokalLakehad an apparentlecreasein capaay of 7674.0 acreft or 6.1%.
Average depth for the reservonlecreasedl.1 ft or 5.1% Calculations werebased ondesign
specificationdrom the dam inspetion report (Freese and Nichols, 2020) and asthdidwings
on record atthe OWRBThe estimated average annuakk in capacity i$34.6acreft or 0.1%
over the21l-year life of the reservoiAreaand camcityvalues from a 20000WRB, 200Gurvey
were not used dér comparisondue to differences incoverage at theitme of the 2000 survey,
current availabilityof lidar, as wellas modificaion made to the spillway and dam aréBreese
and Nichols, 2020)

Dave Boyer (Walters)ake
The surface area ddave Boyetakeshows an apparenincreaseof 28.72acresor 23.0% The
January 202%3urvey shows thabave Boyetake had an@parentincreasein capacity o#422.1

17



acreft or 49.06. Arerage depth for the reservoincreasedl .5 ft or 21.24 Calculations were

done usingvaluesfound in a Phase Ireport (USACE, 197&stimation of the average annual
capacity loss was not calculated due to the increase in capacity, this increase in capacity may be
attributed to updated survey methodanddataavailability

18



REFERENCES
Freese and Nichols, Ii2020. Atoka Dan2020 Inspection
Hemigphere GNSS Inc.. 201R100 Series Receiver: User Guiigieved From

https://hemispheregnss.com/Portals/0/TechnicalDocumentation/8¥b/ 3
000 H1%20(MNL,UG,R100)%20web.pdf

Hypack a Xylem Bran2019. Hypack: WJer Manual Retrieved from
http://www.hypack.com/File%20Library/Resource%20Library/Manuals/2019/2019
HYPACKIserManual.pdf

Knuden Engineering Limited. 2018ounderSuite USB: Software User Manu&etrieved from
http://knudseneng.com/files/manuals/D13049693Rev2.6SounderSite-
USBUserManual.pdf

Oklahoma Administrative Codatle 785, Chapter 45 Oklahoma's Water Quality Standards,
Appendix ARetrieved fromhttp://www.owrb.ok.gov/util/rules/pdf rul/current/ Ch45.pdf

Oklahoma Water Resources Board (OWRB). 10R@Ghoma Water Atlas

Oklahoma Water Resources Board (OWR®)2 Impact ofConcentrated Animal Feeding
Operations on KlahomacCity@ Water Supplies

Oklahoma Water Resources Board (OWR®)1. Quality Assurance Project Plan for
Bathymetric Mapping oBelectedVater Supply Reservoirs Impaired for Dissolved
Oxygen F20/20 Setion §106 H0064009. QTRAKZ24-158

Trimble (2008).Trimble 5700 GPS Receiver: User Gldé&ieved from
http://trl.trimble.com/docushare/dsweb/Get/bcument422396/R7GNSS
5700 364 UserGuide.pdf

U.S. Army Corps of Engineers (USACKER Walters Gty Lakeg Damé& Spillwayg Phasd
Inspetion Report National Dam Safety Pram

U.S. Army Corps of Engineers (USAZUBP .Engineeing and Degn - HydrographicSurveying,
Publication EM 1132-1003, 3 version

U.S. Army Corps of Engine@tsSACER002 Engineering Design: Hydrograp&iurveyinggEM
11102-1003) Chapter 3Table 31: Minimum Performance Standards for Corps of
Engineers Hydrographic Surveys (Mandatdpypject ClassificatiogOther General
Surveys & StudieRetrieved from
wwwl.frm.utn.edu.ar/laboratorio hidraulica/Biblioteca Virtual/Hydrographic%20Surveying/c

3.pdf

19


https://hemispheregnss.com/Portals/0/TechnicalDocumentation/875-0173-000_H1%20(MNL,UG,R100)%20web.pdf
https://hemispheregnss.com/Portals/0/TechnicalDocumentation/875-0173-000_H1%20(MNL,UG,R100)%20web.pdf
http://www.hypack.com/File%20Library/Resource%20Library/Manuals/2019/2019-HYPACK-User-Manual.pdf
http://www.hypack.com/File%20Library/Resource%20Library/Manuals/2019/2019-HYPACK-User-Manual.pdf
http://knudseneng.com/files/manuals/D101-04969-Rev2.0-SounderSuite-USBUserManual.pdf
http://knudseneng.com/files/manuals/D101-04969-Rev2.0-SounderSuite-USBUserManual.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
http://trl.trimble.com/docushare/dsweb/Get/Document-422396/R7GNSS-5700_364_UserGuide.pdf
http://trl.trimble.com/docushare/dsweb/Get/Document-422396/R7GNSS-5700_364_UserGuide.pdf
http://www1.frm.utn.edu.ar/laboratorio_hidraulica/Biblioteca_Virtual/Hydrographic%20Surveying/c-3.pdf
http://www1.frm.utn.edu.ar/laboratorio_hidraulica/Biblioteca_Virtual/Hydrographic%20Surveying/c-3.pdf

U.S. Army Corps of Engine@sSSACERO013.Engineering and Design: Hydrographic Sying
(EM 11162-1003) Retrievedirom
www.publications.usace.army.mil/Portals/76/Publications/Engirdanuals/EM_111Q2-
1003.pdf

Valeport. (2@0).SWIFT SVP & SWiFTplus Operating MaRedtieved from
https://www.valeport.co.uk/content/ugdoads/2020/03/SWiFBVPSWIiFTplus
OperatingManualt0660879qg.pdf

20


http://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-1003.pdf
http://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals/EM_1110-2-1003.pdf
https://www.valeport.co.uk/content/uploads/2020/03/SWiFT-SVP-SWiFTplus-Operating-Manual-0660879g.pdf
https://www.valeport.co.uk/content/uploads/2020/03/SWiFT-SVP-SWiFTplus-Operating-Manual-0660879g.pdf

APPENDIA: AreaCapacity Data



Table A1: AtokaLakeArea by 0.1 ft Increments.

Atoka Lake Area Table

Area in Acres by 0.1 ft Elevation Increments
2021 Survey
Oklahoma Water Resources Board
Elevation
in Feet | 0.3 04 05 ]
526 0.0000 0.0000 0.0000 0.0001 0.0078 0.0169 0.0272 0.0389
527 0.0519 0.0695 0.0917 0.1149 0.1400 0.1680 0.1976 0.2289 0.2631 0.2989
528 0.3370 0.3785 0.4231 0.4701 0.5188 0.5684 06216 06784 0.7389 0.8033
529 08724 0.9478 1.0320 1.1274 1.2329 1.3479 1.4738 1.6039 1.7447 1.8911
530 20414 2.1932 2.3487 2.5060 26637 28224 29814 3.1449 3.3001 3.4755
53 3.6430 3.8128 3.9866 41718 4.3619 4.5551 47520 49516 5.1532 5.3581
532 5.5659 5.7767 5.9916 6.2111 6.4357 6.6667 6.9030 7.1442 7.3897 7.6395
k) 7.8937 8.1522 8.4146 86814 8.9524 92282 9.5082 9.7935 10.0631 10.3806
534 106837 10.9922 11.3055 11.6232 11.9457 12.2733 12.6059 12.9445 13.2892 13.6416
) 14.0020 14.3715 14.7497 15.1395 15.5433 15.9562 16.3798 16.8122 17.2529 17.7036
536 18.1688 18.6542 19.1652 196926| 20.2415 208116] 214031 22.0166| 226714 23.3745
537 241158 249123 25.7664 26.6331 274942 284015 29.3482 30.3148 31.3029 32.3269
538 33.3745 34.4649 35.5693 36.6767 37.7965 38.9456] 401167 41.3231 42.5990 439474
539 45.3978 46.9919] 486130 50.3146 521476 53.9956 55.8135 o7.6166 59.3730 61.0593
540 627185 64.3728 66.0615 67.7478 69.4709 71.2642 73.0869 74.9540 76.9062 76.6878
541 80.9702 83.1559 85.4916 87.9577 90.5438 93.2195 96.0709 98.9593| 102.0287| 105.3635
542 108.8597| 1123760 116.1503| 120.0166] 1240831| 128.1474| 1320682| 135.8008| 1397122| 143.7044
543 147.9223| 152.2476] 156.6580| 161.0360| 1654454 169.9990| 174.5871| 179.1228| 183.5548| 187.9822
544 192.6001| 197.2852| 201.9404| 206.6903| 211.5807| 216.6306| 221.7952| 227.0983| 232.4817| 2379842
545 2440659 250.0798| 256.2949| 261.8697| 267.5916| 273.3759| 279.2785| 285.1005) 290.7188| 296.5896
546 302.4726| 308.4906| 314.7225| 320.9904| 3276426| 3341768 3402354| 3463295 352.8515| 35096990
547 3667702 373.7150| 381.0902| 387.9919| 3954244| 403.7729| 412.3655| 4214722 430.3662| 4392558
548 4478742| 4562254 464.9055| 473.2251| 482.4695| 4926254| 5016895| 510.7880| 5188189 526.9601
549 536.0578| 544.1991| 551.6144| 538.1179| 564.6113| 571.2607| 577.7722| 5848110 591.7289| 5986881
550 606.2162| 613.2438| 620.3319| 627.5787| 634.7161| 6422075 6495787 657.1569| 664.8999| 672.7633
551 680.7762| 6889497 697.3193| 705.3177| 713.4380| 721.8534| 7301150| 738.3835| 746.9002| 736.0454
552 7657329 775.0824| 7846379 794.1512| 804.0902| 8142362 8244811| 8343326| 843.3825| 853.0730
553 8632227 873.3370| 8839190 8941964| 905.0354| 9156458| 9255143| 9355819| 946.0717| 958.1504
554 970.1641| 980.7023| 991.4090| 1002.5972| 1013.0683| 1023.8260| 1034.1828| 1045.4078| 1055.5705| 1065.1313
555 1074.7256| 1084.5015]) 1094.9011| 1105.3257| 11156684 | 1125.9361| 1135.8103| 1145.8937| 1155.8006| 1165.9598
556 1176.3747| 1185.7747| 1194.6712| 1203.1840| 1212.3431| 1221.8241| 1230.8611| 1240.4939| 1249.4249| 1258.0587
551 1266.5920| 1274.9895| 1283.3578| 1291.6174| 1300.0890| 1309.1662| 1317.8964| 1327.2517| 1336.1714| 1344.8137
558 1353.9296| 1363.1658| 1372.5829| 1381.8689| 1390.4231| 1399.5174| 1408.1943| 1417.1297| 1426.1603| 1435.5679
559 14455703 | 1455.4080| 1465.7449| 1476.0897| 1486.6503| 1497.9989| 1508.7198| 1519.5299| 1529.9494| 1541.0982
560 1551.5366| 1561.5716] 1571.5935] 1581.0408| 1590.5694| 1599.7154| 1608.86396| 1618.7102| 1629.5304| 16409052
561 1652.6014| 1662.4874| 1672.1066| 1661.7179| 1691.58682| 1702 4424 | 1713.6668| 1725.2074| 1736.7075| 1748.2556
562 1759.6517| 1769.9875| 1779.9537| 1789.8945| 1800.2471| 1811.0390| 1821.6473| 1832.5496| 1843.5952| 1854.2527
563 1864.9316| 1875.4584| 1886.0357| 1896.5763| 1907.2468| 1918.0794| 1929.0804| 1940.2610] 1951.2053| 1962.7922
564 1974.0174| 1984.9065| 1996.0409| 2007.7176| 2019.5455| 2031.1786| 2042.5793| 2054.0180| 2065.0629| 2076.4731
565 2088.2070| 2099.4832| 2111.6207| 2123.4566| 2136.3715] 2150.0555| 2162.5087| 2175.2005| 2186.0519| 2201.4593
566 2214 4337| 2226.2718| 2238.9579| 2250.6683| 2261.7636| 2273.9196| 2286.2176| 2299.6763| 2311.8728| 2323.7881




2335.7662

2346.4939

2357.9569

2369.4027

2381.3545

2392.7164

2404.7733

2416.7673

2427.5736

2438.2149

2449.5574

2462.1016

2475.0517

2486.5902

2498.8181

2510.4085

2521.7314

2532.9900

2544.2436

2556.7298

2570.4315

2582.5064

2594.9273

2607.0982

2618.6261

2629.7310

2639.8920

2649.5949

2658.9772

2668.6755

2676.3446

2688.4946

2699.0616

2709.6262

2720.0364

2731.2864

2743.9066

2757.5596

2769.3359

2780.9749

2792.5503

2803.4022

2814.3364

28256105

2836.6378

2847.7508

2859.5158

2871.8799

2884.8897

2896.4910

2912.1546

29257347

2941.0760

2955.4860

2970.8810

2985.0715

2996.4869

3013.7137

3027.5905

3042.9647

3057.2181

3070.7066

3085.0151

3098.2078

3111.2389

3123.7756

3135.5516

3147.6113

3159.8555

3172.5809

3186.3348

3198.3169

3209.6578

3220.8816

3232.0573

3243.6422

32552522

3268.3272

3281.3559

3293.9194

3306.3361

3318.6156

3331.2436

3343.9702

3356.6809

3369.3365

3381.5197

3394.4514

3407.3045

3420.3847

3433.6229

3446.3871

3459.6887

34722783

3485.2481

3498.0608

3509.7221

3521.6174

3533.0304

3544.7372

3557.0516

3569.1308

3582.4881

3594.9702

3607.5615

3620.5310

3633.3014

3646.4326

3659.1651

36721237

3684.9774

3697.8909

3711.0807

3723.8866

3737.0997

3751.4801

3765.2053

3778.8009

3791.7050

3804.5577

3817.7908

3831.0611

3844.5730

3857.4955

3869.7049

3881.0331

3892.3818

3903.9894

3915.5299

3927.0674

3938.8515

3950.8681

3963.2174

3976.0062

3986.7963

4001.8525

4014.7085

40279198

4041.1067

4054.3702

4068.0302

4081.5489

4095.5156

4109.2727

41227712

4136.8731

4151.1669

4166.6414

4181.1722

4195.1661

4209.2768

4223.4037

42379636

4252.2851

4267.7632

4284.3221

4300.5345

4317.0576

4333.6504

4353.8806

4413.1523

4428.4041

4443.2032

4457.5027

4471.2992

4503.1585

4516.6842

4530.0140

4543.2260

4556.4786

4583.3057

4597.4629

4611.4345

4625.2628

4639.0172

4663.2648

4676.3116

4689.2394

4702.0797

4714.9034

47371490

4750.5000

4763.8929

4777.3418

4790.8845

4818.4624

48329609

4847.5511

48622594

4877.0845

4906.4713

4921.8236

4937.2210

49526710

4968.1741

4995.1908

5011.2207

5027.4086

5043.7573

5060.2672

5088.9328

5104.7087

5120.5624

5136.5020

5152.5394

5179.8643

5194.0649

5208.2958

5222.5588

5236.8568

5260.7312

S5274.5277

5288.3457

5302.1960

5316.0855

53401739

5353.8523

5367.5630

5381.3059

5395.0812

a417.7321

5430.9289

54441324

04573427

5470.5598

5491.3307

5503.2197

5515.0993

5526.9695

5538.8303

5560.2810

a572.3162

5584.4065

5596.5521

5608.7527

5639.4711

56522441

5665.0304

5677.8300

5690.6428

5720.1383

a733.1532

5746.2336

5759.3796

5772.5911

5801.7299

58154536

5829.1938

5842.9505

2856.7237

5888.7154

5903.2820

5917.8371

5932.3808

5946.9130

2962.4646

5997.6163

6012.7618

6027.9012

6043.0343

6078.2195

6093.5667

6108.9067

6124.2395

6139.5653

6176.8893

6194.8836

6210.8224

6226.7056

6242.5332

6278.5552

6294.0449

6309.5114

6324.9547

6340.3749

6377.9724

6394.0519

6410.0645

6426.0103

6441.8893

6476.7803

6492.8171

6508.6491

6524.8765

6540.8990

6576.8758

6592.6003

6608.2854

6623.9313

6639.5378

6673.4406

6689.0250

6704.5551

6720.0307

6735.4520

6765.1131

6780.2241

6795.3074

6810.3630

6825.3909

6856.9786

6871.9348

6886.6772

6901.8056

6916.7202

6947.2843

6962.6136

6977.9085

£6993.1692

7008.3956

7035.4702

7051.1082

7066.7487

7082.3916

7098.0371

7127.3900

7143.5653

7159.7535

7175.9547

7192.1689

7222.9145

7239.5305

7256.1486

7272.7690

7289.3915

7321.0744

7338.0518

7355.0206

7371.9808

7388.9324

7426.2445

7444 1415

7461.9784

7479.7553

7497.4723

7532.4560

7550.3709

7568.2319

7586.0391

7603.7925

7638.1363

7656.4776

7674.6288

7693.1900

7711.5611

7748.7773

7767.3616

7785.9165

7804.4420

7822.9383

7859.7635

7878.9113

7898.0736

7917.2503

7936.4415

7975.6006

7995.4137

8015.1473

8034.8014

8054.3761

8097.9813

86117.7206

8137.4965

6157.3088

8177.1576

8225.4635

8245.4516

8265.4103

8285.3397

8305.2396

8359.6750

6379.9863

8400.2320

64204122

8440.5269

6483.0517

89203.2117

8523.3499

8943.4663

8563.5607

8606.6768

6627.0948

8647.2324

86667.2897

8687.2668

8729.2958

8749.6759

8769.9336

8790.0689

6610.0818

8850.2160

8870.3357

8890.3689

8910.3157

8930.1761

8971.2910

8991.6464

9011.9872

9032.3133

9052.6247

9091.9302

9112.1269

9132.2944

9152.4327

9172.5420

9179.8849




Table A 2: Atoka LakeCapacityby 0.1 ft Increments.























































